The advancements and breakthroughs achieved in the last 5-10 years in Artificial Intelligence (AI) and Machine Learning (ML) have not gone unnoticed in the scientific community. The body of literature that borrows techniques from ML has steadily grown in all fields of physics. Space physics is particularly well-posed to exploit ML due to the large amount of (often under scrutinized) data accumulated over the last few decades. Indeed, ML techniques can offer insights into the data that might enhance our understanding of physical mechanisms.
The audience was very heterogeneous, with about a quarter of the attendees being earlycareer researchers and skill levels in machine learning varying widely from beginners to every-day practitioners. The program was packed with 43 oral presentations, 100 posters, and two tutorials; however, it also allowed plenty of time for discussions and networking. In particular, on the last day, an open, lively discussion was held, whose main points are summarized here. The conference spanned all aspects of heliophysics, including studies in solar physics, interplanetary medium, planetary science, the magnetosphere, ionosphere, and space weather. From the perspective of machine learning, the presentations focused on forecasting, feature extraction and engineering, dataset development, and anomaly detection. The majority of studies fell into the category of supervised learning, but a few used less traditional techniques, such as information theory, unsupervised clustering methods, and physics-informed machine learning. The dataset most utilized was the large amount of high-quality solar images provided by the Solar Dynamic Observatory (SDO). Images from solar observatories (including STEREO and SOHO) were incorporated in several projects as well. Other papers focused on in-situ solar wind data (from e.g. ACE, DSCOVR, OMNI), ground-based magnetometers, magnetospheric missions (Van Allen Probes, MMS), and geomagnetic indices.
The need to create curated datasets and standardized metrics for comparing different models was one of the major issues discussed. Learning from the wider ML community, it has become clear that establishing a set of well-defined benchmarks and accessible dataset helps enormously in evaluating and comparing different approaches and, ultimately, stimulates research on given problems. Recently, the teams working at the NASA Frontier Development Lab have used Google Cloud as a data sharing and compute platform (FDL is a public-private AI incubator for space science. See https://frontierdevelopmentlab.org/). This is not, however, seen by the community as a long term, affordable solution. In this sense the ML-Helio community intends to bring to the attention of funding agencies the urgent need for sufficient computational resources, such as large data storage and high throughput GPU based infrastructure, to enable these methods to be adopted by the wider community, thereby increasing their scientific return.
With more and more works combining expertise in space physics and machine learning being published in the scientific literature, the problem of reproducibility of results and availability of source codes was also discussed. The ML-Helio community supports and encourages open-source software, and aims to establish a solid community practice in making published results transparent and reproducible, and in giving proper credit to software developers. This translates into the publication of papers devoted to an in-depth discussion of the techniques and motivation behind the models/analyses as is done when new missions are launched.
Although machine learning is currently enjoying considerable coverage in the media, the space physics community remains relatively conservative, and, thus, ML-based studies continue to receive a higher level of scrutiny and, often, skepticism. In this regard, a crucial aspect of new publications will be to include a well-thought justification of the proposed machine learning approach, by comparing new results against simpler statistical methods. This point cannot be overstated. Indeed, some of the attendees of the conference have noted that space physics is not new to the waves of artificial intelligence and some of the pioneering studies in the field were discussed. Indeed, more than 25 years have passed since the International Workshop on Artificial Intelligence Applications in Solar-Terrestrial Physics took place in Lund, Sweden, at a time when the term Machine Learning was not even invented! (Joselyn, Lundstedt, Trollinger, 1993) Interestingly, the majority of those studies were not well received by the larger community, at least at the time. In spite of this, it appears that the space physics community may now be ready to embrace and enjoy the fruits borne by machine learning approaches.
With many attendees being early ML practitioners, the problem of how to find the best educational resources and how to navigate across the multitude of offerings available online and in the press was also particularly stressed. Indeed, there are only a few resources that are tailored to the space community: an online book that contains a collection of interactive Jupyter notebook is available (Bobra & Mason, 2019) , a monograph on Machine Learning technique for Space Weather (Camporeale, Wing, Johnson, 2018) and, in the field of Space Weather, a recent review paper (Camporeale, 2018)) In order to help all of these ideas to become reality and to offer the members of the ML-Helio community a central hub where to share resources, information, advertise activities and link to various projects, a github repository and wiki page is now live: https://github.com/ml-helio. Everybody is welcome to join and contribute. Also, the presentations (oral and posters) discussed during the conference are available on the website https://ml-helio.github.io/ Finally, the presentations at the conference will be collected in a special issue of Frontiers in Astronomy and Space Sciences (https://www.frontiersin.org/research-topics/10384/machinelearning-in-heliophysics). The call for papers is open to all contributors, and not limited to conference participants.
In conclusion, Machine Learning will increasingly and systematically be used in more and more scientific disciplines, and space physics is no exception. As for any interdisciplinary approach, there is an obvious barrier that the community faces in entering the field. The first important steps to overcome such barriers have been taken at the ML-Helio 2019 conference where active participants of this emerging community have met and identified important practices that will ensure that the field will be supported by an enthusiastic, openminded, welcoming community, yet following the most rigorous and well-established scientific procedures.
The ML-Helio conference will be held every two years, rotating venues between continents.
